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Telecoils have been along-established option for supporting telephone use with hearing aids, and
although typically thought of for use with landlines only, the Federal Communications
Commission requires that cell phone carriers offer a selection of devices with telecoil strengths
considered to be hearing aid compatible (Ratings T3, and T4). It istrue there are newer Bluetooth
and 2.4 GHz- based technologies available to assist with telephone communication, particularly
with cell phones; however, according to a Statistics Canada survey from 2013, more than half
(56%) of Canadian households continue to use traditional landline telephones. Similar statistics are
seen in the United States where the Centre for Disease Control/National Heath Survey showed up

to 51% of US households continued to have landlines.” Further, although 83% reported having an
active cell phonein Canada (91% in the US), only 6% aged 55 and older in Canada, and 19% aged

64 and older in the US, used cell phones exclusively.™
Despite “hearing on the telephone” being rated as “important” to 92% of hearing aid users

surveyed in MarkeTrak VI111,° the level of satisfaction of hearing aid users when talking on a phone
(including cell phone) was still rated among the lowest compared to other listening situationsin

MarkeTrak IX.* From the nineteen listening situations listed in MarkeTrak V111, only “one-on-one”
and “small groups’ were rated important by more consumers than hearing on the telephone;
however, Rogin and Abrams report only 59-69% of hearing aid owners were actually satisfied with
their hearing aid when talking on atraditional telephone and only 59-70% were satisfied when

talking on a cell phone depending on the age of their hearing aid.” These low satisfaction numbers
support (a) experts who argue that telecoil programs, which are frequently based on the response of
the main listening program of the hearing aid, may be too weak to provide a clear audible signal on
the telephone, particularly if the aid is unverified, and (b) careful selection and verification of both

acoustic and telecoil programs may help to increase user success and satisfaction.®™

Hearing health care professionals have access to standardized, coupler-based verification of
telecoil strengths (ANSI S3.22-2009); however, these tests are often run using manufacturer
settings for quality control check purposes according to ANSI/IEC settings rather than the user’s
settings. Vaente argues that for the telecoil to provide maximum benefit, clinicians must pay as

much attention to the telecoil frequency response as they do the microphone frequency response.’
Because the output of the hearing instrument can vary depending on the relative orientation
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between the magnetic field and the telecail, verification of the telecoil response in the actual use

position is preferred,” and thisideais reinforced in the AAA guidelines for Audiologic
Management of Adult Hearing Impairment which state that “ The telecoil output should be verified
given the presentation angle of the desired signal. In-situ measurement simulating the desired

» 11

condition may be necessary to obtain the most accurate results.

In the sections below, we describe one specific system that has been purposed-designed for usein
real ear (REM) and simulated real ear (SREM) verification of telecoil output at the user’s settings.
For the purposes of this article, we will focus on the application of the system to evaluate and fit to
maximize audibility of the telecoil signal for telephone use, rather than the device's other
capability of testing the telecoil strength for ANSI/IEC quality control purposes or audibility
evaluation of the telecoil signal for loop systems.

Using the Audioscan Verifit2 (VF2) to Test the Telecoil-Based

Phone Program
The Audioscan VF2 includes several specific features that can be used together to create a

clinically feasible verification system for telecoil-based tel ephone programs in hearing aids.
Testing of the telecail for telephone programs can be done at the individual patient’s settings, and
can be assessed for speech test signals, allowing a valid assessment of output even when adaptive
signal processing is present in the hearing aids. Features of this system include: (1) atele-test
handset (Figure 1), which provides an inductive stimulus and can be held in aredlistic telephone
use position; (2) options to assess binaural output on-ear or in the test box on the couplers; and (3)
monitor headphones (Figure 2) that allow the clinician to hear the output of each device being
measured, facilitating assessment of signal transmission and clarity during fitting and fine tuning.
We'll describe each of these components below, and then illustrate their combined use with case
examples.

1a

Magnet use
position markers

Switching magnet in
storage position

Figure 1A and B. The tele-test Handset developed for use with the Audioscan Verifit2. The figure
on the right illustrates the magnet which can be moved to the various position markers for use with
hearing aids with autocoil function.
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Figure 2. Monitor headphones of the VF2.

The Tele-Test Handset
The tele-test handset is a hand-held accessory designed for use with the Audioscan VF2. It can be

configured to emit an inductive signal, or telefield, equivalent to a 65 dB acoustic stimulus
(56.2mA/m). This device can be used during real ear or smulated real ear to verify the telecail

response (as recommended by Valence).® Although not the focus of this article, it is worthwhile to
note that the tele-test handset can also be used as a tel ephone magnetic field simulator (TMFS) to
perform ANSI tests and was designed according to ANSI S3.22-2009 standards.

In Figure 1A, the connection from the main system to the tele-test handset is shown. The green
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connector plug from the tele-test handset cable attaches to the neck-worn probe dock, allowing the
device to be easily positioned in the telephone use position during test-box or on-ear testing. The
tele-test handset is shown on the right. The encircled “ T” marks the main emission zone of the
telefield. The black circles represent the potential positions of an optional switching magnet which
are used to trigger autocoil functions Figure 1B.

Binaural Coupler and Binaural Real Ear Measures

The VF2 can measure the output of the left and right hearing aids simultaneously. This
functionality has the potential to facilitate faster verification, because both hearing aids are
measured at the same time. For telecoil programs, this binaural measurement capability has the
added benefit of helping the clinician ensure binaural hearing aid features, such as binaural
streaming of the telephone signal, are functioning properly.

Listening to the output from both hearing aids using the monitor headphones as the binaural
measurement is being conducted allows for fast confirmation of device function, including autocoil
activation and wireless streaming of telecoil input from the phone ear to the opposite, non-phone
ear aswill be described in the next section.

Monitor Headphones for Troubleshooting and Counselling

Monitor headphones are provided with the Audioscan VF2 (Figure 2) which alow the clinician to
listen to the output from the hearing aids, at a comfortable volume for the clinician, while the
hearing aids are in either the patient’s ears or mounted on the binaural coupler set. Clinicians can
use the headphones to monitor and address patient concerns regarding sound quality across hearing
aid programs as well as confirm activation of any autocoil feature and counsel on the best position
of atelephone handset for maximum sensitivity / audibility. The clinician can toggle the listening
condition of the monitor headphones between mute, binaural, left-only, or right-only using the
wireless mouse. The default listening mode for the monitor headphones is binaural, sending the left
hearing aid’ s output to the |eft earpiece, and the right hearing aid’ s output to the right earpiece. If a
binaural feature, such as a streamed telecoil output, is present in the hearing aid, the clinician can
use the headset to confirm that wireless transmission of the signal is successful. The mouse wheel
can be used to adjust the headset volume to a comfortable level for the clinician, which is useful
when listening to hearing aids of various output levels.

Step-by-Step Verification of the Telecoil-Based Phone
Programs using Real Ear Measurement

The following is a step-by-step protocol that can be used to verify the telecoil response in the
telephone program of the hearing aid and facilitate matching of the telecoil output to the acoustic
microphone response for an equivalent input level using REM. Later, we will also discuss the setup
for SREM in the test box couplers. Matching the telecoil to a prescriptive target using REM or

SREM provides higher speech understanding and preference rankings.® Although additional fine
tuning may be needed at follow-up appointments, ensuring transparency between the microphone
response and the telecoil response as measured on the patient’s ear is agood way to initially set the
telephone program to meet the goal of a seamless transition when switching between the acoustic

microphone and telecoil programs.”’

Readers who are unfamiliar with REM and SREM hearing instrument measurements using the
V2 are directed to the Verifit VF2 User’ s Guide available at Audioscan.com and the Audioscan
Y ouTube Channel https.//www.youtube.com/user/Real EarM easurement/videos. Three videos
provide particularly useful information for this protocol:
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1. Probe Tube Placement: https.//www.youtube.com/watch?v=m4V kK 0OAbMw

2. Verifit 2: Coupling hearing instruments in the binaural test box.
https://www.youtube.com/watch?v=vOAQq39TfblY

3. Simultaneous Binaural Verification on the Verifit2:
https://www.youtube.com/watch?/=6dNSoTfqryg

Step One: VF2 and Hearing Aid Setup

Set up the VF2 for verification using the same procedures you would follow for real ear
measurement in Speechmap®, including inputting the audiogram and real ear to coupler difference
(RECD) (measured or average), as well as the choice of prescription target. For this discussion, the
target will be DSL v5.0 Adult. Connect the hearing aids to the manufacturer’ s programming
software and program the hearing aids to include all required acoustic programs aswell as a
telephone program that offers atelecoil option for receiving inputs from alandline tel ephone and
cell phone (T). Program the tel ephone options (e.g., autocoil vs manual activation; T vsMT) based
on the needs of the hearing aid user.

Step Two: Real Ear Measurement Setup
Prepare the patient for REM using traditional techniques.

Step Three: Hearing Aid Programming and Verification of the Acoustic
Program

With the hearing aids still connected to the programming software, switch into the main acoustic
program. Link the hearing aid programs so that fine tuning to target with the main acoustic
program carries over to the other programs including the telephone program. Using the VF2, play
one of the standard speech signals (e.g., standard female, standard male, or ISTS) in Test 1 at 65
dB and fine tune the acoustic program to match the DSL v5.0 Adult target. The standard signals
have been designed for target matching and have the appropriate signal level and spectrum
expected by the fitting formulas. Once the hearing aids have been fine-tuned, record a
measurement.

Step Four: Hearing Aid Programming and Verification of the Telecoil
Program

Unlink the hearing aid programs in the manufacturer’ s fitting software and select the telephone
program. Select Test 2 of the VF2 and play the same standard signal from Step 3. Use the “Level”
drop down menu to choose tele-test (65) (Figure 3). Thiswill result in an inductive signal from the
tele-test handset equivalent to a 65 dB SPL acoustic stimulus when positioned close to the hearing
aid. Choosing the same standard speech signal presented at “65 dB” for both the acoustic and
telecoil measurements will allow for matching the frequency response for the telecoil to that of the

microphone as recommended by Valente, 2013.°
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Figure 4. Running atele-test measure.

Put on the monitor headphones and have the patient hold the tele-test handset against the ear with
the front face of the handset parallel to the height of the hearing aid (e.g., like holding a telephone
handset or cellphone). This positioning will vary somewhat based on the style of hearing aid.
Behind-the-ear and receiver-in-the-canal hearing aid users will hold the tele-test handset in a
higher position than in-the-ear users. While the inductive signal is playing, instruct the patient to
move the tele-test handset around the hearing aid and listen over the monitor headphones to ensure
the patient finds the ideal position where the signal is loudest. Provide coaching as needed. Once
the tele-test handset position generating the loudest output islocated, click record to make a
measurement of the Real Ear Aided Response of the telecoil. Adjust the gain and frequency
response of the telecoil program using the manufacturer’ s software to match the response of the
acoustic program which was fine tuned to the DSL targets for a 65 dB input in Step 3.
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Figure 5. Positioning of the tele-test handset.

Hearing health care professionals know that positioning of the phone receiver relative to the
hearing aid can have a significant impact on audibility with telecoil-based phone programs. This
consideration is aso true when verifying with the tele-test handset: proper positioning iskey to a
valid recording. The verification session can therefore be used as a teaching opportunity to allow
the patient to see and hear the difference that good positioning can make, and to practice this skill.
Effective counselling should also touch on aspects such as the variability in telephone magnetic
fields and the associated impact on audibility as well as details regarding how to effectively access
telecoil-based programs in the hearing aids (either manually or automatically).

Counselling Opportunity

Have the patient move the tele-test handset while playing the inductive stimulus to
emphasize the importance of finding the best spot to hold their telephone receiver at
home.

Step Five: Verifying Advanced Telephone Features

Binaural streaming of the telephone signal and autocoil activation can be verified once the fine
tuning is completed and the aids are disconnected from the software as these features often do not
work when the device is connected. Remember to use the switching magnets on the tele-test
handset when verifying the operation of the autocoil. To verify binaural streaming of the phone
program, ensure you are in simultaneous binaural verification mode on the VF2 by selecting the
link L/R button in dual view Speechmap (circled in Figure 6).
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Case Example: Streamed versus Non-streamed Telecoil

Programs
The case example below illustrates the measurement differences associated with streamed versus

non-streamed telecoil programs. In Figure 6, the tele-test handset was positioned over the |eft
hearing aid, which had an active telecoil program. The hearing aid was not programmed to stream
the sound to the right ear. The green measurement curves on each screen show the REARs
obtained when the inductive ‘telecoil’ signal from the tele-test handset is presented to the hearing
aid on the left ear. The left ear’s monaural telecoil response is clearly present, and providing a
broad audible bandwidth for this running speech signal with atelecoil Speech Intelligibility Index
(SI1) of 58%. Thisis ahigh enough value to support high-context speech understanding for most

adults even without visual cues.”” The right ear’s response is essentially a noise floor, with a
telecoil Sl of 0%. Listening over the monitor headphones confirmed that no speech was
transmitted to the right side.

In Figure 7, we see the left hearing aid is receiving and amplifying the signal from the tele-test
handset just asit wasin Figure 6, with the telecoil SI1 at 55%. In addition, the wireless
transmission for the telecoil has now been enabled, and the measurements confirm that the
transmission is successful in sending the telecoil signal from the hearing aid on the phone ear (left)
to the hearing aid on the non-phone ear (right). The streamed sound has asimilar overall level and
frequency response in both ears. The telecoil SI1 has increased from 0 to 50% in the non-phone ear,
and listening checks with the monitor headphones confirm that speech is transmitted to the non-
phone ear side.
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The ability to smultaneously see the level and frequency response of the tele-test handset
response, while measuring and listening to the signal, is a much faster method for checking this
feature compared to the traditional method of using alistening tube or stethoclip to listen to just
one hearing aid at atime. The monitor headphones can facilitate more comfortable listening during
troubleshooting for the clinician, particularly if the hearing aids are set to provide high levels of
gain/output, because of the headphone volume control. Most importantly, in our experience, the
phone verification tools and techniques described allows the clinician to work together with the
hearing aid wearer to adjust and fine tune the sound coming into both the phone and non-phone ear
to obtain and verify agood level of balance, loudness, and clarity.

Loss simulator

Tips and Tricks for Telecoil Measurement
The step-by-step protocol above outlines a number of key verification considerations with telecoil-

based phone programs. In arecent study using this system, we discovered afew helpful tips and
tricks that can further improve measurement reliability and help with troubleshooting. Here are a
few ideas to consider:

Tips on Signal Transmission and Movement Noise

¢ Ensure that the tele-test handset stays stable throughout the measurement. Movement during the
recording can add microphone noise (if the telephone program has an active microphone).

K eeping the monitor headphones on during the recording, and listening for movement will help
you identify and troubleshoot any movement issues.

¢ Although the tele-test handset is emitting an el ectromagnetic signal, the probe tube microphoneis
measuring all sound in the ear canal. As with any on-ear measurement, minimizing room noise
and asking the patient to remain quiet during the recording isimportant.

o |f the hearing aid uses a mixed microphone and telecoil input in the telephone program (a
common option), remember that both inputs are active. The tele-test handset only provides an
inductive input. During use with area phone, an acoustic signal may also be delivered viathe
microphone path, depending on how the patient holds the phone and the style of hearing aid they
are wearing.

o If the hearing aid has alarge vent, the user may position areal phone to use vent-transmitted
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acoustic sound to hear the signal. Similar to the point above, the tele-test handset provides an
inductive input and therefore does not assess vent-transmitted acoustic phone signals.

¢ Inour study, the software version provided atelefield equivalent to 65 dB SPL. However,
matching the test level to atypical phone output level of 76 dB SPL (Baum, 2010) could aso be

considered if supported by the test system's software.®

Tips on Measuring and Troubleshooting Binaurally Transmitted Telecoil
Programs

The binaural measurement feature of the VF2, in conjunction with the tele-test handset, allows for
verification of binaural streaming features. We found the following tests and informal
measurements to be useful when working with hearing aids that wirelessly transmit the telecoil
input from the phone ear to the non-phone ear:

» With the binaura verification mode activated on the VF2, present an inductive signal from the
tele-test handset to the hearing aid on the phone ear. If the wireless transmission isworking, you
should clearly hear asignal on the non-phone ear side when listening through the monitor
headphones. Further, the measurement curves on the Speechmap screen will provide evidence of
streaming behaviour and documentation of the level of aided audibility. Figure 8 illustrates the
differences associated with streamed versus non-streamed telecoil programs. Thistipis
particularly useful if wireless transmission is weak, and troubleshooting of the transmission itself
isthe godl. It is also useful when demonstrating the wireless transmission feature, and
counselling on the patient’ s preference for the feature to be enabled versus disabled.

Simulated Real Ear Measures using the Tele-Test Handset - Measuring
Telecoil-Based Phone Programs in the Coupler(S)

Speechmap measurements can be completed with the hearing aids in the test box (SREM) rather
than in the patient’s ears (REM). Many of the steps outlined in the REM protocol are the same
when using SREM including: inputting the audiogram, RECD, and choosing the prescription target
in Speechmap; programming the hearing aids; and, using the acoustic response to fine tune the
telecoil response. The two main differences are (1) the aids are programmed and verified while in
the text box, not in the patient’s ears, and (2) the clinician rather than the patient uses the tele-test
handset in the test box when verifying (Figure 8).
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Figure 8: Tele-test measurement results with streamed (Test 1) and non-streamed (Test 2) telecoil
program. In this example the hearing features were verified using SREM.

Tips for Using the Tele-Test Handset in the Test Box

o Figure 9 illustrates the correct coupler setup and tele-test handset positioning for SREM
measures of BTE, ITE, and RIC instruments for both monaural and binaural fittings.
Ensure that the front face of the tele-test handset remains parallel along the side of the
hearing aid in order to replicate the tel ephone handset or cellphone position as would
occur on-ear. Do not bring the handset over top of the hearing aid.

o Listening viathe monitor headphonesis strongly recommended during coupler-based
measures to ensure proper positioning of the tele-test handset. Best reliability is obtained
at the maximum sensitivity position: listen to find the loudest transmission and measure
with this orientation.

o Aswith the REM measures, ensure that the tele-test handset does not move during the
recording and that room is quiet during testing because this measure must be completed
with the test box open, as shown in Figure 9.
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Figure 9. Coupler set up for BTE, ITE, RIC tele-test handset testing.
Note the use of the magnet on the tele-test handset with the RIC. Its
use allows for verification of autocoil function.

¢ Measuring in the coupler can be convenient for pre-setting hearing aids, for quickly checking
whether features are active and working and can support binaural monitor headphone listening as
well if both aids are connected to the binaural coupler microphones. However, as with any on-ear
versus coupler measurement, SREM fittings can differ significantly from true on-ear
measurements in fittings with large vents because the vent response is not simulated on the
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coupler.™ Therefore, for fittings that use larger vents, the telecoil response is best measured using
REM.

Clinicians can use VF2 features to:

¢ Verify the telecoil program output across frequencies at user’s setting

Listen to the sound from the aids while they are in the patient’s ears

Ensure features such as autocoil and binaural streaming are working as expected
Troubleshoot sound quality issues

Counsel on telephone receiver placement challenges

But How Does the Tele-Test Handset Compare to My Patient’s Real
Phone?

Agreement between the measured tele-test handset response and responses from a telephone
handset were compared in arecent study.13 Measurements were obtained for twenty-one adults
with mild to severe hearing loss fitted with Unitron hearing aids. Most participants were fitted with
more than one hearing aid style, resulting in atotal of forty binaural hearing aid fittings (BTE-18;
ITE-10; RIC-12). Both real ear and simulated real ear measures were compl eted.

In one representative case example for a Unitron behind-the-ear style hearing aid below (Figure
10), there is a good match between the output measured from the tele-test handset compared to the
response taken with the patient holding areal telephone emitting running speech calibrated at 65
dB SPL.
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Figure 10. Tele-test handset compared to actual phone.

The study did reveal some variability across hearing aid styles and venting, as follows.

e For ITE’s (unvented), the telecoil responses in the phone ears were predicted within £3 dB
across frequencies within the phone passband and within +4 dB at 2500 Hz and above the
passband of the phone. In the streamed non-phone ears, the tele-test handset dightly over-
predicted the 65 dB SPL phone response, but the spectral shape was similar for both. Overall, the
results suggested that the telecoil response of the phone was well predicted by the response from
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the tele-test handset, particularly in the phone ear.

e For BTES, some of which had significant venting, tele-test handset responses had similar
spectral shapes and were within +3 to 5 dB across frequencies in both the phone ear and the non-
phone streamed ear.

¢ For RICs, most of which had significant venting, tele-test handset responses had similar spectral
shapes to that of the acoustic phone and were within +4 to 7 dB across frequencies in both the
phone ear and the non-phone streamed ear.

Overal, the study results indicated that tele-test handset REM measures represented the spectral
shape of phone telecoil responses. When the tele-test (65) response was compared to areal

telephone calibrated to 65 dB SPL, there was a small over prediction of level of 3to 7 dB across
hearing aid styles and venting type (Figurell).
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Figure 11. Results of tele-test handset (TT) vs. actual phone (AP) responses for phoné and non-
phone ears.

Two factors are important in interpreting these results. First, some users may have held the real
phone to a position that maximized sound transmission to the vent, but then held the tele-test
handset to a position that maximized telecoil-only transmission. Second, and more importantly,
typical telephones can produce output levelsin excess of the standard 65 dB SPL signal level, and
average around 76 dB SPL. Given the variability in typical telephone magnetic field strengths, the
user’s actual phone may result in adifferent overall output level, with higher responses from a
high-quality home phone a possibility. Verification using the tele-test handset can be useful to
ensure that a phone telefield response receives appropriate shaping, gain and streaming. The
inclusion of multiple test levels, if supported by software, would serve to further support these
verification goals.

Take Home Message
The tele-test handset provides an excellent means to measure the frequency response, gain and

advanced features of hearing aid telecoil based phone programs. Although output levels of
telephones vary across brands and styles, this system allows the clinician to obtain an estimate of
performance with inductive phone signals using a running speech stimulus. Thistesting alows
simultaneous binaural fine tuning of telecoil phone programs based on the measured hearing aid
output curves, the aided SlI, the clinician’ s listening check over headphones, and the patient’s
perception of clarity, comfort, and balance, all at the same time. When incorporated into an
appropriate fitting and counselling regime, telecoil verification can help to ensure appropriate
telecoil functioning at the individual level. Thistool, paired with monitoring and follow-up, can
help with troubleshooting and may contribute to increased patient use and satisfaction with

tel ecoil-based hearing aid phone programsin their own environments by preventing dispensing of
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inappropriate telecoil responses.

Final Note: Set up for ANSI testing with VF2
It is worthwhile noting here that ANSI testing for telecoil strength is also completed in the test box;

however, both the coupler and the hearing aid positioning are different (Figure 12) than described
in the above protocol. Readers are referred to the VF2 manual and the system help menu for details
on how to set up for ANSI telecoil testing.

wf
tele-test handset L

igure 12. Hearingaid position for ANSI telecoil tests: ote that this test uses a 2cc coupler and
specific hearing aid positioning.
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